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Chemically modified antisense oligonucleotides (AONs) continue Hy 0o
to be explored as anticancer, antiviral, and antiinflammatory agents. R= JI\ CHs
The first-generation DNA phosphorothioates (PS-DNA) are gradu- NS, N
ally being replaced by second- and third-generation modifications / T NH H
in the clinic! Second-generation antisense nucleic acid analoguespHo Nmc
include those with 20-modifications of the ribose. This type of N/\
modification has several advantages, among them ease of synthesis e Q
and increased RNA affinity, nuclease resistance, and cellular R= ,O\)I\ _—~CHgs
uptake? HO 2 N

For example, duplexes betweehQ@[2-(methoxy)ethyl]-RNA R NMA
(MOE-RNA) and RNA exhibit stabilities that exceed those of Figure 1. Structures of 20-[2-(methylamino)-2-oxoethyl]- and' D-(N-
duplexes between PS-DNA and RNA by aboutt@per modifica- methylcarbamate)-modified thymidine '{@-NMA-T and 2-O-NMC-T,

tion.3 The nuclease resistance of MOE-RNA is comparable to that respectively).

of PS-DNA? The 2-O-MOE substituent locks the ribose ina'€3  gestabilization was in part due to a short contact between the NMC
endoconformation and thus preorganizes the AON for the geometry 5mino group and Clof thymidine1©

preferred by the RNA target. In addition to the gauche effect  Tq petter understand the underlying reasons for the different
between O4and O2 in the ribose, a gauche effect between' O2 nfluences on stability of the'2D-NMA and 2-O-NMC modifica-
and the MOE methoxy-oxygen controls the conformation of the tjons, we have determined X-ray crystal structures of modified
2'-O-substituent. Crystal structures df@-modified oligonucleo- oligodeoxynucleotides with sequence GCGTAT*ACGC &% -
tides demonstrated that the MOE moiety improves the hydration O-NMA-T/2'-O-NMC-T). The two decamers, referred to here as
of the sugarphosphate backbone relative to DNA. NMA-10mer andNMC-10mer, respectively, were synthesized and
2'-O-Substituents carrying a positive charge (i.e02(3-amino- purified according to published procedufé8.Crystals for both
propyl) or AP) confer superior nuclease resistance to AONs with \yere grown using the nucleic acid mini-scréer{Hampton
one or more modifications at thé-8nd> Such zwitterionic AONs Research, Aliso Viejo, CA); hanging drops containing ca. 1 mM
may escape exonuclease degradation by displacing a catalyically;jomer, 40 mM sodium cacodylate pH 7, 12 mM spermdhtCl,
important metal ion from the active siéeRecently, the beneficial 80 mM potassium chloride, and 10% 2-methyl-2,4-pentanediol
features of the 20-MOE and 2-O-AP modifications with regard (MPD) were equilibrated agaiha 1 mL reservoir of 35% MPD.
to RNA affinity and nuclease resistance, respectively, have been Crystals of theNMA-10mer belong to space groig®; with cell
fused in the 20-[2-{2-(N,N-dimethylamino)ethyloxjethyl] sub- constante = 27.23 A,b = 44.97 A,c = 44.42 A, angf = 99.3,
stituent! and the sulfur analogue of MOE has been shown to contain two duplexes per asymmetric unit (a.u.), and diffract to
improve cellular uptaké. 1.30 A resolution. Crystals of th8MC-10mer belong to space
Two new RNA mimetics, 20-[2-(methylamino)-2-oxoethyl]-  groupP2,2,2; with cell constantsa = 24.60 A,b = 44.88 A,c =
RNA (2'-O-NMA-RNA)? and 2-O-(N-methylcarbamate)-RNA (2 46.31 A, contain one duplex per a.u., and diffract to 1.25 A.
O-NMC-RNA)™X (Figure 1) exhibit strongly different effects on the  Diffraction data were collected at 110 K on the 5-ID beam line of
RNA affinity of modified DNAs. Incorporation of 20-NMA-T the DND-CAT synchrotron research center at the Advanced Photon
increased the stability of duplexes with RNA by between 1.8 and Source, Argonne, ILA = 0.96297 A). All data were integrated
2.5 °C (dispersed vs consecutive placement, respectively) per and merged in the DENZO/SCALEPACK sufeStructure deter-
modified residue relative to the corresponding PS-DRAZon- mination was accomplished with the programs GNEMC-10mer)
versely, incorporation of '20-NMC-T decreased the stability of  and EPMR* (NMA-10mer) using an A-form DNA duplex model.
duplexes with RNA by between 3.2 and 2°E (dispersed vs Initial refinement was carried out with CNS setting aside 5%
consecutive placement, respectively) per modified residue relative randomly chosen reflections to calculate Réreel> After rigid-
to PS-DNA!® Molecular modeling studies suggested that the body and several rounds of individual positional and isotropic-
temperature factor refinements, the program SHELX@as used

TVanderbilt University. for anisotropic temperature factor refinement with all DNA atoms
+ University of Tennessee - Oak Ridge National Laboratory. ; ;

S Isis Pharmaceuticals Inc. gnd most. of the water molecules. THeCZsub;tltuents were built

Il Alnylam Pharmaceuticals. into Fourier (F, — F¢) sum and F, — F.) difference electron
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away from the nucleobase, thus avoiding a steric clash. Independent
of whether the keto oxygen assumesgrfFigure 2C) or asynclinal
(sc Figure 2D) orientation relative to the'-Bxygen, a water
molecule is trapped between the@NMA substituent and the
phosphate group. This water molecule is hydrogen bonded to O3
02 (slightly long) and either Or N7, and further waters provide
a bridge to the phosphate. Themethyl group of the 20-NMC
and 2-O-NMA substituents exhibits a disordered orientation with
bothap andscconformations of the O8C6-N6'-CH; (NMC) and
O7-C7-N7'-CHz (NMA) torsions seen in the structures (i.e., Figure
2C,D).

In summary, the opposite effects on RNA affinity of theQ
NMC and 2-O-NMA modifications can be qualitatively rationalized
by the following two structural observations: first, a steric clash
and unfavorable electrostatics between NMC substituent and base
and, second, formation of a stable water structure in the case of
the 2-O-NMA modification. The short contact seen forQ-NMC-
Ts is likely to occur also with purine residues, as O2 (Py) and N3
(Pu) occupy rather similar positions in space. The hydration pattern
around 2-O-NMA substituents is reminiscent of the water structure
observed for 20-MOE-RNA#
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Figure 2. Conformations of 20-NMA- and 2-O-NMC-modified thy-
midines. (A) NMC-T6, (B) NMC-T106, (C) NMA-T206, (D) NMA-T306.
Selected atoms are labeled, waters are cyan spheres, hydrogen bonds are
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